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FLUID COOLANT UNION 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

This application claims priority to provisional patent application number 
60/435,890, filed on December 20, 2002. 

BACKGROUND OF THE INVENTION 

The present invention relates to a fluid coupling union such as a fluid coolant 
rotating union having a secondary sealing assembly which provides a depressurized condition 
displacement of the floating seal members from one another to provide a pop-off or gap between 
the seal members when the cooling union is depressurized. 

Fluid coolant unions are used extensively in conjunction with machine tools in 
various high speed drilling and boring transfer operations, high speed machine tool spindles, and 
in various applications such as machining centers and flexible transfer lines. In such 
applications, the rotating union is structurally arranged to conduct various types of coolants, such 
as water-based, oil-based, and air-based fluids into the machine tool spindle. Preferably, such 
coolants may be used without prolonged dry-run periods of operation of the coolant union. 
Coolant unions generally include conventional seal assembhes having a rotating seal member 
mounted to the end of the rotating rotor member, which seal member is axially aligned to engage 
a non-rotating complementary seal member which is mounted to an axially movable carrier 
member mounted within the housing. 

In existing prior art coolant union assemblies, when the union is operating in the 
pressurized condition the sealing surface of the non-rotating seal member is biased into 
engagement with the sealing surface of the rotating seal member by overcoming some type of 



spring or baffle diaphragm bias means which is designed to axially separate the seal members 
when in the non-pressurized dry-running condition. As the liquid or fluid coolant is passed 
through the coolant union, the coolant lubricates the contacting seal members to minimize wear 
between the members. When the condition is reached where the union is unpressurized and fluid 
coolant is not passing through the union, a "dry running" condition is achieved and the facing 
surfaces of the rotating and non-rotating seal members do not receive any lubrication. During 
this dry-running condition, the increased wear on the seal facings results in leakage about the seal 
facings which ultimately require replacement of one or both of the seal members. Such 
replacement of the seal facing and the rotor assembly are expensive and time consuming. 

To overcome the problems associated with dry-running, coolant unions have been 
developed to include structure which separates the rotating and non-rotating seal facings from 
one another when fluid coolant is not passing through the union. Such "pop-off type unions 
may be biased by spring or diaphragm members. Such biasing members position the seal 
members apart from one another in the absence of the passage of fluid coolant passing through 
the union. However, such coolant unions are complex and expensive to manufacture. Also, 
during start-up of such coolant unions, excessive amounts of the fluid coolant are permitted to 
pass through the enlarged gap separating the rotating and non-rotating seal facings. 

SUMMARY OF THE INVENTION 

The present invention provides a novel fluid coolant union which utilizes 
chamfered seal faces on at least one of the non-rotating and rotating portion floating seal 
assembly facings of the coolant union. Such coolant unions permit the handling of multiple 
cooling media, such as water-based, oil-based, air-oil mist based and air-based coolants to be 



directed through the coolant union. Additionally, it has been determined that by chamfering the 
seal faces in accordance with the present invention, the handling of the multiple media with a 
single seal balance is permitted while controlling leakage for the water-based, the oil-based, the 
air-oil mist and the air-based media to minimum levels. The chamfered seal face of at least one 
of the floating seal assembly facings additionally permits the use in the seal faces of special 
silicon carbide based materials containing specific and various porous type structures that may 
contain known lubricants such as graphite to provide a self-lubricating property to the seal faces. 
By utilizing chamfered seal faces, the seal faces may contain a specific combination of silicon 
carbide based materials which provide different porous structures with respect to the coolant 
media when operating in a dry run condition. Thus, by utilizing chamfered seal faces, it has been 
found that the PV (pressure x sliding velocity) limit of such specialized seal facing provides an 
increase in operating life for such seal facings as compared to the situation when the seal facings 
are not chamfered. 

In accordance with a further embodiment of the present invention, the coolant 
union includes a secondary sealing assembly. The secondary sealing assembly provides a sealing 
arrangement for the union to prevent leakage forward between the floating seal assembly of the 
coolant union and the carrier member that are adapted for axial sliding movement within the 
passageway in the housing. This secondary sealing arrangement or assembly includes an annular 
groove radially extending around the inside surface of the union housing, with the annular groove 
containing an annular seal member. Preferably, the annular seal member is a U-shaped seal 
member. This U-shaped seal member is positioned within the annular groove and includes an 
inside comer thereof chamfered. The U-shaped seal member is then chamfered and sized to 



structurally cooperate with a triangular shaped back-up ring configured and sized to provide the 
unfilled volume within the annular groove which, when pressurized, stores sufficient relative 
displacement of the floating seal faces firom one another to create a micro pop-off or a minute 
separation of the seal faces when depressurization occurs. 

The radial interference fit between the chamfered U-shaped annular seal member, 
the enclosing housing and the floating seal is less that standard to provide for the necessary 
interaction of the U-shaped seal member and the floating seal to create a micro pop-off between 
the rotating and the floating seal facings. This is accomplished by chamfering the inside comer 
of the U-shaped seal member to a size in relation to the dimension of the triangular plastic back- 
up ring to provide an unfilled volume and permit fi"eedom of movement of the U-shaped 
secondary seal member. The unfilled volume, when pressurized, stores sufficient relative 
displacement of the floating seal members with respect to one another to create the pop-off or 
separation of the seal faces. This separation or gap between the seal faces is very small. 

The triangular back-up ring is comprised of a selected plastic material which 
provides a necessary combination with the chamfered U-shaped seal member. By sizing the 
back-up ring to the unfilled volume of the chamfered U-shaped seal member, the chamfered U- 
shaped seal member and back-up ring provides the fi-eedom of movement for the long term 
fiinctioning of the secondary seal assembly without hang-up while permitting the adjustability of 
the position of the floating seal for variable axial locations of the rotor. The resultant fluid 
coupling union is simpler in construction because it does not require a spring-biased member or 
baffle member to provide separation of the floating seal faces and to provide contact of the seal 
faces during pressurization. 



The present invention consists of certain novel features and structural details 
hereinafter fully described, illustrated in the accompanying drawings, and particularly pointed out 
in the appended claims, it being understood that various changes in the details may be made 
without departing from the spirit or sacrificing any of the advantages of the present invention. 
5 DESCRIPTION OF THE DRAWINGS 

For the purpose of facilitating and understanding the present invention, there is 
illustrated in the accompanying drawings a preferred embodiment thereof, from an inspection of 
which, when considered in connection with the following description, the invention and its 
construction and operation and many of its advantages will be readily understood and 
10 appreciated. 

FIG. 1 is a vertical section view of the fluid coolant union provided in accordance 
with the present invention, with the coolant union shown in its unoperated, unpressurized 
condition; 

FIG. 2 is a view similar to FIG. 1 showing the fluid coolant union in its operated, 
15 pressurized condition in accordance with the present invention; 

FIG. 3 is an enlarged view of the portion of the secondary seal assembly in 
accordance with the present invention when the coolant union is in the unoperated, unpressurized 
condition; 

FIG. 4 is an enlarged view of the portion of the secondary seal assembly in 
20 accordance with the present invention with the coolant union shown in the operated, pressurized 
condition; 
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FIG. 5 is a schematic cross-sectional view illustrating the chamfered U-shaped 
secondary annular seal member in accordance with the present invention; and 

FIG. 6 is a schematic cross-sectional view of the triangular back-up ring member 
of the secondary seal assembly in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings wherein like numerals have been used throughout 
the several views to designate the same or similar parts, there is illustrated in the drawings a 
rotating fluid coolant union 10 incorporating the novel sealing arrangement in accordance with 
the present invention. The fluid coolant union 10, as shown in FIGS. 1 and 2, is utilized to 
conduct a fluid coolant either in a liquid or gaseous state from a source of coolant (not shown) to 
a spindle of a machine tool and the like. The spindle could be a machine tool used in the various 
applications such as machining centers, flexible transfer lines or any environment where fluid 
coolants such as water-based, oil-based, air-oil mist based and air-based coolants may be used in 
conjunction with the fluid coolant union 10. 

The fluid coolant union 10 is comprised of a rotor or shaft member 12, coupled to 
an end cap or housing member 14. The end cap or housing 14 provides a cylindrical housing for 
the fluid coolant union with the housing identified as reference numeral 14. The cylindrical bore 
16 of the housing 14 defines a seal chamber 15 which locates the seal assembly 18 within the 
coolant union 10. 

As shown in FIGS. 1 and 2, the seal assembly 18 is comprised of a rotating seal 
member 20 which is mounted to the end 12a of the stub rotor member 12 and a non-rotating seal 
member 22 mounted to the end of a carrier member 24. The rotating seal member 20 is, 



preferably, a disc-shaped, one-piece silicon carbide member which provides a generally flat- 
shaped annular seal surface 20a about an opening 21 through the center thereof The non- 
rotating seal member 22 of the seal assembly 18 is also a generally flat disc-shaped member that 
is also, preferably, comprised of silicon carbide. The seal members 20 and 22 of seal assembly 
18 may be comprised of various silicon carbide grades. The non-rotating seal member 22 
includes an opening 23 therethrough and includes an annular seal surface 22a. The non-rotating 
seal member 22 is mounted to an end 24a of a carrier member 24 which is axially movable 
within the cylindrical bore 16 of housing member 14. 

Importantly, one of the aimular seal surfaces 20a and 22a is chamfered to present a 
narrowed and reduced annular contact seal facing between the floating seal assemblies. It is 
preferred that the non-rotating seal face surface 22a is the seal surface that is chamfered. The 
chamfered portion is shown as beveled portions 25 and 29 in FIGS. 1 and 2. The mating 
between seal surfaces 20a and 22a permits the handling of multiple media, such as water-based, 
oil-based, air-oil mist based and air-based fluid materials to be used without prolonged dry run 
conditions. As shown in FIGS. 1 and 2, it has been found that when the width of the annular seal 
surface 22a of the seal assembly 18 is narrower than the width of the rotating annular seal surface 
20a then the seal assembly 18 is more capable of operating in an unpressurized running dry run 
condition without significant damage to the seal members 20 and 22. 

The fluid coolant union 10 in accordance with the present invention further 
includes a secondary seal assembly 26 to prevent leakage of the fluid coolant forwardly of the 
carrier 24 through the gap 27 between the outer surface of the carrier side wall 35 and the inner 
surface 17 of the cylindrical bore 16 of the housing member 14. The secondary seal assembly 26 



is comprised of a U-shaped annular sealing member 30 positioned within an annular groove 28 
positioned within the inner surface 17 of the housing member 14 that engages the inner surface 
1 7 of the housing member 14 and the outer surface 35 of the carrier member 24. The U-shaped 
annular sealing member 30 of the secondary seal assembly 26, as shown in FIGS. 3, 4 and 5 is a 
5 modified U-shaped type annular seal. As shown in FIG. 3, the U-shaped annular seal member 30 
is positioned within the annular groove 28 within the housing member 14. When the U-shaped 
seal member 30 is positioned within the annular groove, the lip members 31 and 32 and the foot 
connection member 33 (FIG. 5) of the annular seal substantially contact the inner and outer 
surfaces of the annular groove as well as the front surface or the side of the groove opposite the 

10 high pressure area, as shown in FIGS. 1 and 3. As shown in FIG. 5, the U-shaped seal member is 
comprised of an elastomer type material and includes a chamfered diagonal cut 34 on the foot 
portion of the seal assembly 30 that is positioned toward the outer surface 35 between the carrier 
24 and the cylindrical bore 16 of the housing member 14. This chamfered cut is sized in relation 
to a triangular back-up ring 36 to structurally cooperate with the triangular back-up ring 36 (FIG. 

15 6) to provide an unfilled volume which, when pressurized, stores sufficient relative displacement 
energy (FIG. 4) to the floating seal assembly to create a micro pop-off or separation of the seal 
faces 20a and 22a when the coolant union is depressurized, the condition as shown in FIG. 1. 

FIG. 6 represents a cross-section of the annular back-up ring 36 which is 
comprised of polymer material. This particular specialized plastic material provides a back-up 

20 ring that controls the absorption of moisture and controls the hardness of the material as well as 
controls the machineability of the back-up ring to permit the back-up ring 36 to be structurally 
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arranged to occupy the space and volume within the chamfer cut in the inner wall of the U- 
shaped annular seal 

During the operation of the coolant union 10 in the pressurized operating 
condition, the U-shaped secondary seal member 30 engages the annular back-up ring 36 to 
5 prevent the extrusion of the secondary seal into the gap. Because of the precise control of the gap 
distance between the floating seal assembly and the rotor assembly, a reduced amount of fluid 
coolant is permitted to pass between the annular seal surfaces 20a and 22a of the rotating and 
non-rotating seal members. The gap between the seal members when the coolant union 10 is in 
the unpressurized, unoperable condition is minimized and substantially limited because of the 

10 pull-back action on the non-rotating seal member during depressurization of the union. Thus, the 
secondary seal assembly provides a sealing function as well as a separation function of the 
floating seal assembly. Because the gap is minimized in the unpressurized condition, a minimum 
amount of coolant is permitted to pass between this reduced gap during start up of the coolant 
union. The reduced amount of fluid coolant to pass between the annular seal surfaces 20a and 

15 22a results in a cleaner operating and more efficient fluid coolant union. 

Additionally, the radial interference fit between the chamfered U-shaped annular 
seal 30 and the annular groove 28 within the housing member 14 permits the adjustable setting of 
the gap between the annular seal faces 20a and 22a. This is because the interference fit is less 
than standard such that upon pressurization of the union, the chamfer on the annular seal 30 and 

20 the back-up ring provide a sufficient interaction or displacement energy to create the micro pop- 
off of separation when the union is depressurized. This permits the adjustment of the floating 
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seal assembly 24 for variable axial locations of the stub rotor member 12 and permits the 
predetermined relocation and adjustment of the floating seal assembly 24. 

While the invention is described with reference to a preferred embodiment, 
various modifications may be made without departing from the spirit and scope of invention as 
5 defined in the appended claims. For example, although the sealing arrangement is described with 
reference to a stub rotor member 12, the stub rotor assembly may be contemplated to be a 
bearingless stub rotor member or may be a rotor assembly that is confined within fixed bearing 
structures. This permits the present invention to provide a wide range of operation through a 
coolant union from hundreds of RPMs to in excess of 40,000 RPMs. 
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